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ABSTRACT
Lake Alaotra, the largest lake in Madagascar, is well known for its diverse plant and
animal communities. It is home to the critically endangered endemic species, the Alaotran gentle
lemur (Hapelemur alaotrensis). Two endemic wildfowl species, the Alaotra Little Grebe
(Tachybaptus rufolavatus) and Madagascar pochard (Aythya innotata) are now considered to be
extinct. Widespread habitat destruction by fire and clear-cutting is destroying the marshland
vegetation of the lake, and siltation from erosion runoff and rice field creation is resulting in the
continued decrease in size of the lake. This study looked at the effectiveness of the 85ha Park
Bandro protected area in preserving species diversity, relative abundances, and species evenness
of bird species in the south-eastern area of the lake. Modified line transects were carried out over
sixteen days of study during November 2012 along two transect sites: one adjacent to the
western edge of Park Bandro (Transect 1), and the other along an unprotected marsh habitat
(Transect 2). The study found a total of 30 bird species, and significantly higher numbers of
individuals of six bird species along Transect 1 than Transect 2, including the one endangered
species identified during the study, Anas melleri. Shannon-Weiner calculations found greater
species diversity and evenness along Transect 1 than Transect 2. While further study is
recommended, it appears that Park Bandro is aiding to preserve bird species in the area, and such
efforts towards conservation should be continued.
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1. INTRODUCTION

1.1 Madagascar
Madagascar, the fourth largest island in the world, is found off the southeastern coast of
mainland Africa, 400km east of Mozambique. Madagascar is regarded as a biodiversity hotspot,
with its unique geological history resulting in record numbers of endemic plant and animal
species (Myers et al. 2000, Mittermeier et al. 2004, Goodman and Benstead 2005). The large
majority of Madagascar’s endemic species are found in its forests and wetlands
(Andrianandrasana et al. 2005). Widespread slash and burn agricultural practices (known as tavy,
or hatsake), used frequently by the 80% of Malagasy people who rely on farming as a means of
income, has resulted in extensive deforestation throughout the island. All of Madagascar is
currently affected by climatic and anthropogenic forces, severely affecting the survival of such
renowned areas of diversity (Bakoariniaina et al. 2006).

1.2 Lake Alaotra

1.2.1 – Geographical background
Lake Alaotra is located 170km northeast of Antananarivo in eastern Madagascar, and is
the largest lake found in Madagascar (Pidgeon 1996). All of the wetlands and basins of Lake
Alaotra are location within S17° 02’ 000” - S18° 10’ 000” and E48° 00’ 000” - E48° 40’ 000’
(Ramsar Information Sheet 2003). The lake is found at an altitude of 750m, and is less than
200km2 in extent, which is 20-30% of its initial size. Changes in climate, fractures and faults
surrounding the lake, and increasing human presence around Lake Alaotra have all led to the
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lake’s steady decrease in size (Bakoariniaina et al. 2006, Pidgeon 1996). The area of the lake
varies throughout the year, depending on rainfall, temperature, and wind, but it has an average
length of about 40km and width of 5km. Precipitation in the Alaotra region averages 1500mm
per year, but can be as much as 4000mm per year (Bakoariniaina et al. 2006). The depth of the
lake varies fluctuates between 1 and 2.5m over the course of the year, and up to 4m at the end of
the rainy season (Ramsar Information Sheet 2003, Pidgeon 1996).
The area surrounding the lake is composed of 23,000ha of marshes and 120,000ha of rice
fields (Andrianandrasana et al. 2005, ZICOMA 1999). Most of the marshland has been converted
into agricultural fields or cleared for fishing space. Of the natural vegetation that remains, the
dominating plant species are the monocotyledons - Cyperus madagascariensis and Phragmites
spp., the Star water-lily (Nymphaea stellata), and exotic weeds (Salvinea molesta (auriculata),
Eichhornia crassipes) (Pidgeon 1996). Lake Alaotra is home to eight endemic species of
waterfowl, six endemic species of fish, and one critically endangered endemic lemur, the
Alaotran gentle lemur (Hapelemur alaotrensis). Two endemic avian species, the Alaotra Little
Grebe (Tachybaptus rufolavatus), and the Madagascar pochard (Aythya innotata), previously
inhabited the lake but are now considered to be extinct (Copsey et al. 2009a, Andrianandrasana
et al. 2005, Pidgeon 1996).

1.2.2 – Human land use
The surrounding marsh/wetland habitat of Lake Alaotra has been inhabited by the
Sihanaka and Merina people since the 16th century (Jarosz 1994). The Alaotra region of
Madagascar is the largest rice-producing region of Madagascar, which consumes the most rice
per capita in the world (Bakoariniaina et al. 2006, Pidgeon 1996). The human population in this
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area has increased from 109,000 people in the 1960s to more than 550,000 in 2003 (Plan
Régional de Développement 2003).
The main sources of income for people living in villages adjacent to the lake are fishing
and agriculture (Madagascar Wildlife Conservation 2012). People carry out slash and burn
agriculture in order to clear land both adjacent to the lake and within the marshes for use as
agricultural fields of rice and vegetables, as well as to facilitate fishing within the marsh area
surrounding the lake (Copsey et al. 2009a). Human deforestation of the mountains surrounding
the lake has resulted in severe erosion, creating siltation in the lake that is decreasing levels of
rice production. In order to earn a stable income from steadily decreasing production, people
must clear space for more and more rice fields (Bakoariniaina et al. 2006). In the fall of 2012,
severe and widespread burning has occurred within Lake Alaotra, and is seen as the main cause
for the current devastation of the marshland habitat (personal information, Durrell Wildlife
Conservation Trust). Fires are destroying natural habitats, damaging plant and animal
communities found in the marshes. The population of the Alaotran gentle lemur is swiftly
decreasing, and is classified by the IUCN as Critically Endangered. The Alaotra Little Grebe and
Madagascar pochard are both considered to be close to extinction, and the Durrell Wildlife
Conservation Trust (Durrell) directs captive breeding projects for these species. Durrell has also
organized annual participatory ecological monitoring projects throughout Lake Alaotra since
2001, to evaluate the effectiveness of local management projects and to reinforce local
commitment to protected areas management (Andrianandrasana et al. 2005).
Lake Alaotra is a center for fishing. Annual fish catches amounted to 4,000 tons in the
1960s (Pidgeon 1996), with recent numbers dropping to about 2,000 tons per year, probably as a
combined result of over-fishing, lake acidification, introduced fish species, and siltation
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(Andrianandrasana et al. 2005). Most people living in surrounding villages work as fishermen to
support their families. To aid fishing effectiveness and efficiency, wetland vegetation is burned
and cut down, adding to the overall declines in the Alaotra lake and marshland ecosystems
(Copsey et al. 2009a, personal observation). Since 1857, at least 29 exotic species of fish have
been introduced into Madagascar, as a part of a movement towards pisciculture. Of those exotic
species, at least ten have been introduced into Lake Alaotra (Pidgeon 1996). Several of these fish
species are invasive, taking over native and endemic fish populations and altering the vegetative
composition of the lake (Ramsar Information Sheet 2003). Fish of the lake are also negatively
affected by eutrophication and sedimentation resulting from continual erosion from nearby
mountains (Ramsar Information Sheet 2003, Pidgeon 1996).

1.3 Park Bandro
In 2003, conservation organization Madagascar Wildlife Conservation (MWC) was
started by Swiss and Malagasy biologists to preserve the biodiversity of flora and fauna in Lake
Alaotra by pursuing four areas of work: community empowerment, creating alternative revenue
sources, environmental education, and research (Madagascar Wildlife Conservation). MWC, in
partner with the Durrell Conservation Wildlife Trust, which works extensively in the Alaotra
region, are monitoring a protected area in the village of Andreba Gare. The protected area, called
Park Bandro, was established in 2004 as an initiative by Durrell, and encompasses an area of
85ha (Madagascar Wildlife Conservation 2012). The VOI (Vondron Olona Ifotony, or local
community association for forest management) of Andreba Gare monitors the park, and Durrell
organizes yearly wildlife censuses, hiring local guides to do survey the park’s Gentle lemur
species (Hapelemur alaotrensis) and bird populations. Park Bandro is also a community tourism
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site, allowing tourists to enter the park in order to see the Alaotran gentle lemur (Hapalemur
alaotrensis). Its southern border is defined by a large canal which the people of Andreba use to
access the lake by pirogue. This canal is frequented by fishermen (the primary occupation of
people of Andreba; about 85% of the 1,500 resource users are also rice cultivators, vegetable
farmers and livestock farmers), with dozens of people entering and leaving the lake each
morning and evening.

1.4 Objectives
Park Bandro was created in order to protect a section of the rich community of flora and
fauna that is known to be found at Lake Alaotra. As the largest lake in Madagascar and the home
of many rare bird species, it is an ideal place for conservationists and ornithologists to work
together in studying its special bird populations. With the continual destruction of marshes and
other disturbances to the lake, protected areas, such as Park Bandro, are important in protecting
what natural ecosystems remain. The high costs of establishing and monitoring a protected area
necessitates evaluating the effectiveness of the area. The park has already been proven to help in
the preservation of the Alaotran Gentle lemur (Hapelemur alaotrensis) population, with a current
population of about 130 individuals living in the park (Bourou 2006, Durrell 2012), but its
effects in conserving bird communities has yet to be examined. In this study, bird censuses were
conducted along a protected and unprotected area in Lake Alaotra to test the hypothesis that bird
communities along the protected area would have higher species abundances, species diversity,
and species evenness than those along the unprotected area, and thus evaluate the degree of
success that the Park Bandro has had in preserving Alaotra’s bird populations.
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2. MATERIALS AND METHODS

2.1 Site description
The research site is located on the south eastern edge of Lake Alaotra, near the villages of
Andreba Gare and Ambatosoratra (S17˚36.910', E048˚30.167'), and approximately 20km north
of Ambatondrazaka. The total length of transects studied was 3.3km, stretching from the
southwestern corner of Park Bandro (S17˚37.612', E048˚29.632’) to slightly northwest of the
village of Ambatosoratra (S17˚36.138', E048˚30.667'). The study site was adjacent to marshland
composed of primarly Phragmites and Cyperus madagascariensis vegetation as well as open
water with occasional planted clusters of Phragmites reeds (Morris and Hawkins 1998,
Bakoariniaina et al. 2006). The area of the lake that was studied is heavily fished; fishermen
were always encountered during transect repetitions. Weather conditions during the time of this
study, November 2012, were mostly clear and sunny, with average temperatures ranging from
23-27˚C. There were a few cloudy, overcast days, with four occurrences of rain, always during
the evening.

2.2 Materials
All field work was conducted in a traditional Malagasy wooden pirogue with the help of
local guide Lala Nomenjanahary Elysé. A GPS device (Garmin Venture HC) was used to take
data points of transect routes. Transects were marked at the beginning and end with flagging
rope. A pair of Nikon binoculars (8x30mm) were used to identify and count birds far from the
transect (eye sight). All field work was conducted in French and Malagasy, and birds were
identified using their Malagasy vernacular names. Bird guides by Sinclair and Langrand (2003)
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and Morris and Hawkins (1998) were used to match Malagasy vernacular names with scientific
and English species names.

2.3 Line transects
A series of line transects were conducted by pirogue near the towns of Andreba Gare and
Ambatosoratra. The single count technique was used, with all birds recorded regardless of the
distance of detection (count to infinity), and no distance measuring (Pidgeon 1996, Hildèn 1986,
1987 described in Bibby et al. 2000, p. 65-90). Birds seen and heard were identified and counted
and bird activity was recorded (flying, heard, in water on vegetation, in rice field). Continuous
surveillance of the area was used to avoid double-counting of birds. Birds were primarily
identified without the aid of binoculars, but binoculars were used occasionally to verify
identification and counts. Two north-south transects were established along eastern Lake
Alaotra, their length (1.65km each) determined by the distance paddled by pirogue in one hour.
One transect (Transect 1) ran along the western edge of Park Bandro. The other transect
(Transect 2), north of the first transect, was next to an unprotected marsh area located near
Andreba Gare and Ambatosoratra (Figure 1). The two transects were located at a similar distance
from the shore (with some variability due to fluctuating water levels) and had similar vegetation
coverage. Vegetation in the protected area transect was visibly more dense and prevalent than
that along the unprotected transect; there have not been any recorded fires within the protected
area for more than 20 years (personal information, Patrick Waeber, 2 December 2012).
Line transects were carried out over a sixteen-day study period from November 8 to
November 24, 2012. Transects were conducted both in the morning (ranging from 6:45-11am)
and afternoon (12:45-5:30pm), alternating between times in order to account for differing levels
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of bird activity throughout the day. Fifteen to seventeen repetitions of each transect during each
of the two time periods were performed, resulting in a total of 65 transect repetitions and 65
hours of study. While a constant boat paddling speed was attempted for each transect to ensure a
transect duration of 60 minutes, length of transects ranged from 40 to 80 minutes. Notes on the
numbers of fishermen nearby and other disturbances present were taken to keep track of potential
sources of external effects on bird populations.

Figure 1. – Transects 1 and 2 along the western edge of marsh habitat in Lake Alaotra, Madagascar. Blue marks the
beginning and ends of transects; yellow represents Madagascar Swamp Warbler nests found along the transects.

2.4 Statistics
2.4.1 – Species discovery curve
A species list was compiled for each transect and sample site. Additionally, a species
discovery curve (Fussey 1995) was established, which notes the number of new species sighted
on each day of the study. The species discovery curve was used to evaluate how thoroughly the
study detected species in the area, based on how quickly the curve reached a true plateau.
12

2.4.2 – Relative abundance
Encounter rates of species (# of individuals divided by # of transect hours) were used to
calculate relative abundances of species within each study site (i.e., within Park Bandro and
outside of the park) and across sites. Relative abundance scores will then be used to rank species
in an abundance category (# of individuals per # field hours) and to rank species on an ordinal
abundance scale (Bibby 1998, from Lowen et al. 1996) (Table 1).
Table 1. Defining abundance categories, abundance scores, and ordinal scale ratings for
relative abundance evaluation.
Abundance category (# of
Abundance score
Ordinal scale
individuals per # field hours)
<0.1
1
Rare
0.1–2.0
2
Uncommon
2.1–10.0
3
Frequent
10.1–40.0
4
Common
40.0+
5
Abundant

Relative abundances of species were also calculated based on the number of individuals
seen of one species divided by the total number of observed individuals.

2.4.3 – Student’s t-test
To assess the degree to which counts of individuals differed between transects and
different times of day, 2-sample unpaired Student’s t-tests were used. Separate t-tests were
calculated for the difference in numbers of individuals counted during the morning and the
afternoon, and the difference in numbers of individuals counted along each of the two transects.
t-tests were also calculated to look at numbers of fishermen seen along each transect and at
different times of day. T-tests assumed a null hypothesis of no difference between numbers of
birds or fishermen seen along the two transects, or at different times of day. A p-value of ≤ 0.05
was considered significant.
13

2.4.4 – Shannon-Weiner diversity index
A Shannon-Weiner diversity index was calculated to describe the species diversity of
sites:
Diversity Index: H' = - ∑ pi ln (pi)

Where pi is the proportion of individuals of species i out of the total number of
individuals of all species. This index is expressed as a number ranging from 0-5, and is a
description of the number of different species found and their distribution within a site. A high
number for the Shannon-Weiner diversity index reflects a high number of unique species, or an
even distribution of species (Zimmerle 2011, Bibby et al. 1998, Böhning-Gaese and Bauer
1995). A Shannon evenness index was calculated using the equation:

Species evenness: E=H'/ln(S)

Where H' is the previously calculated diversity index, and S is the number of observed
species. Evenness is measured on a scale from 0-1, with 1 representing a completely equal
distribution of individuals among species. A higher value for species evenness will result in a
higher species diversity index (Zimmerle 2011, Böhning-Gaese and Bauer 1995). The values for
species diversity and species evenness were compared across transects with a two-tailed, paired
Student’s t-test (Böhning-Gaese and Bauer 1995).

3. RESULTS
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3.1 Species discovery curve
A species discovery curve was created for the number of new species identified during
each consecutive day of study (Figure 1). A total of 30 species were identified, and the species
discovery curve portrays a gradual plateau of new species identified during transect repetitions.
The slope of the curve reflects whether or not a large majority of the species present in a site
have been identified. The point at which the slope reaches a plateau reflects the actual number of
species present in the site.

Species discovery curve
Cumulative # of species

35
30
25
20
15
10
5
0
8

9 10 11 12 13 14 15 16 17 19 20 21 22 23 24
Date (November 2012)

Figure 2. – Species discovery curve; total number of species observed from 8
November 2012 to 24 November 2012.

3.2 Species list
Over the course of 16 days of study, 30 different bird species were identified along line
transects in Lake Alaotra (Table 1). Species found belonged to 8 orders and 15 families. Most
species were determined by the IUCN Red List (IUCN 2012) to have a status of “Least
Concern.” One species, Meller’s Duck (Anas melleri) has been listed as “Endangered” on the
IUCN Red List, and is also endemic to Madagascar (BirdLife International 2012). Four species
15

found are endemic to Madagascar: the Madagascar Swamp Warbler (Acrocephalus newtoni),
Meller’s Duck (Anas melleri), Madagascar Red Fody (Foudia madagascariensis), and
Madagascar Mannikin (Lonchura nana). Three species found are endemic to the region: the
Madagascar Coucal (Centropus toulou) and the Madagascar Cisticola (Cisticola cherina), and
the Madagascar White-Eye (Zosterops m. maderaspatana) (Sinclair and Langrand 2003).
Table 2. – List of species found along two transects in Lake Alaotra.

Scientific

English

Acridotheres tristis

Common Mynah

Acrocephalus
newtoni
Alcedo vintsioides

Madagascar Swamp
Warbler
Madagascar
Kingfisher

Anas anser

Malagasy
Vernacular
Martin

Order
Passeriformes

Family
Sturnidae

Status

Endemism

LC

Non-endemic
Endemic to
Madagascar

Vorondojoro

Passeriformes

Sylviidae

LC

Vintsy

Coraciiformes

Alcedinidae

LC

Grey Goose

Gesaka/geese

Anseriformes

Anatidae

LC

Anas hottentota

Hottentot Teal

Anseriformes

Anatidae

LC

Anas melleri

Meller's Duck

Kazazaka
Angaka, canard
domicile

Anseriformes

Anatidae

EN

Anas platyrhynchos

Domestic duck

Canard de village

Anseriformes

Anatidae

LC

Ardea cinerea
Ardea purpurea

Grey Heron
Purple Heron

Vaompasaka
Vaombibilava

Ciconiiformes
Ciconiiformes

Ardeidae
Ardeidae

LC
LC

Ardeola ralloides

Common Squacco
Heron

Tambohomavo

Ciconiiformes

Ardeidae

LC

Bojo

Ciconiiformes

Ardeidae

LC

Butorides striatus

Cattle Egret
Green/Striated
Heron

Mpiandrivoditatatra

Ciconiiformes

Ardeidae

LC

Centropus toulou

Madagascar Coucal

Toloho

Cuculiformes

Cuculidae

LC

Chlidonias hybridus

Whiskered Tern
Madagascar
Cisticola

Keokeoka

Charadriiformes

Sternidae

LC

Adibo

Passeriformes

Sylviidae

LC

Cypsiurus parvus
Dendrocygna
viduata
Dryolimnas cuvieri

African Palm Swift

Kisidisidina

Apodiformes

Apodidae

LC

White-faced Duck
White-throated Rail

Tsiriry
Kitsebe

Anseriformes
Gruiformes

Anatidae
Rallidae

LC
LC

Egretta albus

Great White Egret

Heron blanche

Ciconiiformes

Ardeidae

LC

Non-endemic
Non-endemic

Egretta ardesiaca

Black Egret

Salombokomona

Ciconiiformes

Ardeidae

LC

Non-endemic

Egretta dimorpha

Dimorphic Egret

Heron noir

Ciconiiformes

Ardeidae

LC

Non-endemic

Bubulcus ibis

Cisticola cherina

Foudia
madagascariensis

Non-endemic
Non-endemic
Non-endemic
Endemic to
Madagascar
Non-endemic
Non-endemic
Non-endemic
Non-endemic
Non-endemic
Non-endemic
Endemic to
region
Non-endemic
Endemic to
region
Non-endemic
Non-endemic

Madagascar Fody

Fody

Passeriformes

Ploceidae

LC

Endemic to
Madagascar

16

Gallinula chloropus

Common Moorhen

Otrika

Gruiformes

Rallidae

LC

Non-endemic

Larus cirrocephalus

Grey-headed Gull
Madagascar
Mannikin
Madagascar BeeEater

Goakiandrano

Charadriiformes

Laridae

LC

Non-endemic

Tsingrity

Passeriformes

Estrildidae

LC

Endemic to
Madagascar
Non-endemic

Tsikirikirina

Coraciiformes

Meropidae

LC

Purple Gallinule

Talevana

Gruiformes

Rallidae

LC

Porzana pusilla

Baillon's Crake

Kibobondrano

Gruiformes

LC

Saxicola torquatus

Common Stonechat

Fitatra

Passeriformes

Rallidae
Muscicapidae;
Saxicolinae

Zosterops m.
maderaspatana

Madagascar WhiteEye

Lonchura nana
Merops
superciliosus
Porphyrio
porphyrio

Non-endemic

Jerina

Passeriformes

Zosteropidae

Non-endemic
Non-endemic

LC
-

Endemic to
region

3.3 Number of species and individuals
Sixty-five line transects were conducted during the study, of which 33 transect repetitions
were conducted along Transect 1, on the western edge of the protected area Park Bandro (16
during the morning, and 17 during the afternoon). Thirty-two transect repetitions were conducted
along Transect 2, along the western edge of an unprotected marsh area. Thirty bird species and a
total of 11,344 individuals were detected in total.
Along Transect 1, a total of 26 species and 6,667 individuals were identified, of which 23
species and 2,518 individuals were identified during morning transects and 24 species and 4,149
individuals were identified during the afternoon. A total of 27 species and 4,677 individuals were
detected along Transect 2, of which 25 species and 1,387 individuals were found in the morning
and 21 species and 3,290 individuals were detected in the afternoon (Table 3).
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Table 3. – Number of transect repetitions, species, and individuals detected
along Transects 1 and 2.

Transect 1
Morning
Afternoon
TOTAL
Transect 2
Morning
Afternoon
TOTAL
ALL

Repetitions

# of Species

# of Individuals

16
17
33

23
24
26

2,518
4,149
6,667

16
16
32
65

25
21
27
30

1,387
3,290
4,677
11,344

3.4 – Species abundance
Out of all 30 species found, 23 species were found on both Transects 1 and 2. The other 7
species were only identified on either Transect 1 or Transect 2. Along Transect 1, 26 out of the
total 30 bird species were detected, which included all species except for the Grey Goose (Anas
anser), Domestic Duck (Anas platyrhynchos), Purple Heron (Ardea purpurea), and Madagascar
White-Eye (Zosterops m. maderaspatana). For Transect 2, 27 out of 30 species were
encountered, and the species Common Squacco Heron (Ardeola ralloides), Purple Gallinule
(Porphyrio porphyrio), and Common Stonechat (Saxicola torquatus) were not detected.
Of the 30 species identified during the study, levels of abundance varied with the line
transect studied (Transect 1 versus Transect 2) and the time of day (morning versus afternoon).
The five most encountered species along both transects were considered to be common or
abundant on an ordinal abundance scale (Bibby 1998, from Lowen et al. 1996). In order from
most to least abundant, these species were the Whiskered Tern (C. hybridus), Grey-headed Gull
(L. cirrocephalus), Great White Egret (Egretta albus), White-faced duck (Dendrocygna viduata),
and Madagascar Kingfisher (Alcedo vintsioides). Each species was counted more than 200 times
along each line transect (Appendix 1, 2).
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3.5– Student’s t-test
Calculations of two-tailed unpaired Student’s t-tests to compare numbers of individuals
found along Transect 1 versus Transect 2 revealed a significant difference in counted individuals
for seven out of the 23 species (30%) that were found in both sites. Of these eight species, all but
one were found to be significantly more present in Transect 1 than in Transect 2. The p-value for
the Madagascar Swamp Warbler (Acrocephalus newtoni) was only slightly larger than 0.05 (p =
.075), and is included in the table below, although it does not strictly meet statistically
significance (Table 4).
Among these species, all but one were found in greater numbers along Transect 1 than
Transect 2. Anas melleri, the one endangered species seen during this study, was counted
significantly more along Transect 1 than along Transect 2 (p=0.011). The overall sample size
was quite small (T1: n=31, T2: n=1), reducing the strength of such a correlation, but the small
sample size may also reflect a decline in the population of this endangered bird. Other species
found significantly more frequently along Transect 1 and Transect 2 were Butorides striatus
(p=0.037), Centropus toulou (p=0.019), Cypsiurus parvus (p=0.004), Dendrocygna viduata
(p=0.011), and Dryolimnas cuvieri (p=0.014). The one species that was seen significantly more
frequently along Transect 2 than Transect 1 was Bubuculus ibis (T1: n=5, T2: n=17, p=0.001),
which was only seen near the end of the study (Table 4).
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Table 4. – Comparisons of numbers of individuals of species counted in
Transects 1 and 2 and their statistical significance (p ≤ 0.05).

Species
Transect 1
Acrocephalus newtoni
583
Anas melleri
31
Bubulcus ibis
5
Butorides striatus
168
Centropus toulou
182
40
Cypsiurus parvus
Dendrocygna viduata
1,061
Dryolimnas cuvieri
33

Transect 2
245
1
17
39
37
1
288
2

p-value
0.075
0.011
0.001
0.037
0.019
0.004
0.011
0.014

Significance was also examined between the difference between numbers of individuals
of species found during the morning and afternoon transects, in order to understand species’
daily schedules of activity. Two species, the Whiskered Tern (Chlidonias hybridus) and Greyheaded Gull (Larus cirrocephalus) were found significantly more often during afternoon than
during morning transects. The difference between the number of individuals sighted during the
morning and the afternoon was greater for C. hybridus than for L. cirrocephalus. Across
transects, the numbers of individuals counted for each species were relatively similar (Table 5).
Table 5. – Comparisons of numbers of individuals of species counted during morning and afternoon
transects and their statistical significance (p ≤ 0.05).

Species
Chlidonias
hybridus
Larus
cirrocephalus

Transect 1
Morning Afternoon
111
1,482
215

660

Transect 2
p-value Morning Afternoon
0.012
29
1,885
0.030

220

662

p-value
0.014
0.058

3.6– Species diversity and evenness
Shannon-Weiner calculations for species diversity and evenness were calculated for the
species identified in both transects. For Transect 1, the Shannon-Weiner diversity index equaled
2.25 with an evenness of 0.69. The Shannon-Weiner diversity index for Transect 2 equaled 1.92
with an evenness of 0.58.
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3.6 – Presence of fishermen
The total number of fishermen encountered near transects over 65 hours of study was
1,340 (T1: 597, T2: 743). These numbers reflect an overall number of 20.62 fishermen
encountered per hour, with 18.09 fishermen per hour along Transect 1 and 23.22 fishermen per
hour along Transect 2. An unpaired two-sample Student’s t-test revealed no significant
difference between the number of fishermen encountered along Transect 1 versus Transect 2
(p=0.51). However, significant differences were observed in the number of fishermen seen
during morning versus afternoon transects, with more fishermen seen during the morning than
the afternoon (T1: p=0.019, T2: p=0.036).

4. DISCUSSION

4.1 Number of species
The number of bird species known to inhabit Lake Alaotra varies by source and date of
study. In 1989, the Durrell Wildlife Conservation Trust’s Madagascar Pochard survey found a
total of 79 species (Young and Smith 1990). Pidgeon (1996) listed 72 bird species that were
living in and around Lake Alaotra, 21 of which were described as rare, and 6 others which were
seen only once during the 1993 study. Unpublished monitoring data from the Durrell Wildlife
Conservation Trust reported a total of 38 species from 8 sites around the lake in 2006, with 22-27
species found per site (24 found in Andreba) (Bourou 2006). In 2011-2012, they found a total of
40 species from 16 sites, ranging from 23-33 species per site (24 in Andreba) (Durrell 2012).
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BirdLife International cited 80 species as being found around the lake on their online factsheet
about Lake Alaotra (International Important Bird Areas 2012).
This study found a total of 30 species, less than half of the number of species seen in the
early 1990s and BirdLife International’s current reported number of species, but greater than the
24 species found in monitoring of Andreba by the Durrell Wildlife Conservation Trust in May
2006 and July 2012. Each of those monitoring surveys lasted for a total of only two days,
suggesting that should the work have continued, more species may have been found. However,
the total numbers of species that Durrell’s monitoring surveys found in 2006 and 2011-2012
were also much lower than other reported numbers, suggesting that the bird species diversity of
Lake Alaotra has decreased significantly since 1989 (Durrell 2012, Bourou 2006).
Another aspect of this analysis that must be considered is the constraints under which this
study was conducted. The study lasted for a total of only sixteen days, in one site of the large
area of Lake Alaotra, and transects were completed only from 7am until 5pm. It is unknown how
well the Andreba area of Lake Alaotra can serve as a representative sample of the entire lake’s
bird community, and therefore is difficult to draw sweeping conclusions about the status of birds
throughout the lake. Additionally, surveys were not conducted during very early morning, late
evening, or overnight, which will have induced bias in the number of species and individuals
observed. Furthermore, the study took place exclusively during the month of November,
meaning that additional effects of seasonality on bird activity could have interfered with results.
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4.2 Lake Alaotra waterfowl
Mark Pidgeon’s 1996 report on the flora and fauna of Lake Alaotra and Young and
Smith’s 1990 Madagascar Pochard survey both included sections devoted to studies of the
waterfowl of Lake Alaotra. The Madagascar Pochard (Aythya innotata) was endemic to the lake,
but has not been seen since 1991, and is believed to be extinct. Seven water birds are thought to
inhabit Lake Alaotra: the Fulvous Duck (Dendrocygna bicolor), White-faced Duck
(Dendrocygna viduata), Knob-billed Duck (Sarkidiornis melanotos), African Pygmy Goose
(Nettapus auritus), Meller’s Duck (Anas melleri), Red-billed Teal (Anas erythrorhyncha), and
Hottentot Teal (Anas hottentota) (Pidgeon 1996, Smith and Young 1990). Only three of these
ducks were found in this 2012 study (D. viduata, A. melleri, and A. hottentota), nearly twenty
years later.
In looking at the numbers of each of the three species counted during this study as
compared with other studies conducted from 1989-2012, some trends are visible between
population size over time and length of study. It is difficult to draw strong conclusions because
studies varied in approaches, namely in terms of length of study, census techniques, number of
study sites around Lake Alaotra, and time of year. Despite these various sources of bias, there
seems to be a visible decline in the populations of A. melleri and A. hottentota and a possible
increase in the population size of D. viduata (Table 5).
Table 6. – Number of ducks of three different species found from various studies conducted from
1989 until present, and length of time of study.

Length of study
Species
D. viduata
A. melleri
A. hottentota

Smith and
Young (1990)
46 days

Pidgeon
(1996)
Nov.,
10:50 hr.

Bourou
(2006)
16 days

Durrell
(2012)
32 days

Kaufman
(2012)
16 days,
65 hr.

519
1,480
767

114
166
1,151

50
51
13

1,161
457
177

1,349
32
1
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Pidgeon’s 1996 study lasted over three years, but here, the data for only the month of
November is recorded, to best compare with the November 2012 study (Table 5). According to
Pidgeon, D. viduata and A. erythrorhyncha were the two most encountered species during his
study, even within poor quality and disturbed marsh areas and nearby human activity (Pidgeon
1996). This study did not detect any A. erythrorhyncha individuals, but D. viduata was one of the
most prevalent species (Appendix I). Various pressures have increased on the bird populations in
Lake Alaotra over the past 20 years, and while the D. viduata population has resisted and
adapted, other species have started to decline. Pressures include burning of wetlands, cutting
down marshes for rice production, fishermen presence in the lake, the introduction of exotic fish,
deforestation and erosion of the surrounding mountains, and fluctuating rainfall and temperatures
due to climatic variability.

4.3 Protected vs. unprotected
One of the objectives of this study was to evaluate the effectiveness of the 85ha protected
area of Park Bandro in preserving avian species diversity in Lake Alaotra. Over the course of the
study, 65 hours of transect repetitions were conducted along a protected and unprotected marsh
area. Through hours of traveling through the same area, some general observations about the
vegetative content of each transect were gathered. The Park Bandro protected marsh along
Transect 1 consisted of generally taller, denser, and more healthy looking vegetation (Figure 3)
than that of Transect 2 (unprotected) (Figure 4). Both transects were dominated by Phragmites
reeds, which were more sparsely distributed along Transect 2). Evidence of planting reeds in
rows, in order to help with fishing techniques, was present along both transects. Additionally,
fishermen’s traps were located in such planted rows of reeds and floating vegetation.
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Figure 3. Vegetation as seen in protected area, Park Bandro, along Transect 1.

Figure 4. Vegetation as seen along Transect 2, unprotected marsh area along transect.

Overall, 26 bird species were found along Transect 1, while 25 species were found along
Transect 2 (Table 3). Two additional domesticated species were found along Transect 2: the
Grey Goose (Anas anser) and Domestic Duck (Anas platyrhynchos), which were always
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observed on or around the bank of Ambatosoratra. These are not included in calculations, as such
domesticated species should not be considered to reflect species richness or species diversity,
and reflect human presence and interference in the ecosystem. The number of species found does
not differ significantly between Transects 1 and 2.
Numbers of individuals of six bird species were found to be significantly higher along
Transect 1 than Transect 2 (Table 4), suggesting that Transect 1 may provide a more favorable
ecosystem for these birds. The results of this study cannot make conclusive remarks about the
specific reasons for finding more birds along one transect versus another, as there are a great
number of potential factors present in Lake Alaotra. Regardless, the simple presence of more
birds along the protected area transect suggests that the existence of the protected area is
resulting in larger population sizes of bird species living in and around that area.
Additionally, species diversity and evenness was calculated with the Shannon-Weiner
diversity index. Such calculations resulted in a value of 2.25 for Transect 1 with an evenness of
0.69, and 1.92 for Transect 2 with an evenness of 0.58. These numbers corroborate the
differences in species population sizes; the species diversity and evenness of Transect 1 was seen
to be greater than that of Transect 2. Again, specific and conclusive explanations for the causes
or reasons behind such a trend cannot be made due to the limitations of this study, but the fact
that the bird community along a protected area were seen to be more diverse than that along an
unprotected area provides merit for the presence of the protected area in Andreba Gare.

4.4 Anthropogenic effects on the lake
Effects of human presence are prevalent in Lake Alaotra and its surrounding villages.
Most men living in Andreba work as fishermen, and women typically work in agricultural fields
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(Madagascar Wildlife Conservation 2012, personal observation). In this study, there was no
significant difference between the numbers of fishermen seen along each transect, but there were
significantly more fishermen seen during the morning than during the afternoon. This trend most
likely reflects the traditional schedule that fishermen follow in their daily work, which begins
before sunrise and ends around 11am or 12pm (personal observation, Copsey et al. 2009b).
Calculated numbers of fishermen seen per hour averaged about 20 fishermen per hour; such a
significant fishing presence may induce stress on birds and other animal populations in the
marshland. Fishermen are also known to trap and hunt birds whenever convenient, and alter the
lake vegetation habitat by planting reeds and leaving fishing traps in the reed beds. Such
changes, as well as their constant presence in the lake, may affect the birds that live in such
habitats (personal information, Lala Nomenjanahary Elysé).
In addition to fishing in the lake, fishermen cut down reeds in the lake in order to clear
space for fishing, and replant reeds in straight rows in order to enable faster and more efficient
fishing practices (personal information, Lala Nomenjanahary Elysé). Wetland vegetation is also
burned to enable easy access to fish as well as to clear space for rice fields in the lake (Copsey et
al. 2009a). Such alterations of marsh habitat are sure to have effects on the bird populations, as
birds use marsh habitats for shelter, sources of food, places to build nests, and protection from
predators. With their habitat quickly changing and disappearing, more birds are bound to be
vulnerable to hunting by fishermen and populations may decline with lack of sufficient food and
shelter.
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4.5 Bird nest monitoring
As an aside from the rest of the comparative transect study, Madagascar Swamp Warbler
(Acrocephalus newtoni) nests were monitored over the course of the study period. Nests were
found along transects (marked in yellow, Figure 1) and monitored every couple of days to check
on the progress of egg-laying, hatching, and nestling fledging. While no conclusive data on
nesting behavior was able to be drawn from this study, as no nests were observed for a full cycle
from egg laying to fledging, some general patterns were observed. Nests held a range from 1-4
eggs, and eggs were laid at a rate of one per day, similar to some passerines in the United States
(personal observation, 2012). Eggs hatched after ≥11 days of incubation, and nestlings fledged
after ≥5 days in the nest (Appendix III). Madagascar Swamp Warblers do not have any
immediate predators, but fishermen are known to collect bird nests when they happen upon them
(personal information, Lala Nomenjanahary Elysé, Patrick Waeber).

5. CONCLUSION
Lake Alaotra is home to several endemic animal species and diverse plant communities
that are currently being threatened by various factors, namely due to the anthropogenic activities
in and around the lake: destruction of marshland by fire and clear-cutting, large agricultural (and
specifically riziculture) presence, erosion and siltation from surrounding mountains, the
introduction of exotic fish species, and a large reliance on fishing. Populations and diversity of
bird species that were once flourishing are now in steady decline. There are few protected areas
currently set up around the lake, but in this analysis of Park Bandro, it appears that this park is
working to preserve the bird community in and around the park. However, it is clear that
widespread respect for and understanding of the importance of conserving the marshland is
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lacking in the villages surrounding the lake. For example, Durrell has enforced a two-month
closed season for fishing in the lake that runs from November 15 to January 15 each year. The
closing is for commercial fishing, prohibiting fishermen from selling fish in the market.
However, during the closed season, fishing continues as frequently as always, due to fishermen’s
reliance on fish for survival (personal information, Patrick Waeber).
As with many problems in Madagascar, this question of conservation essentially comes
down to a question of survival: the people who are fishing or burning land to create agricultural
fields are doing so in order to be able to provide food and shelter for their families. Madagascar
is the fourth poorest nation in the world, and this is apparent in the high percentage of people
who survive on subsistence agriculture, growing or finding just enough food to survive on a daily
basis. There is no room for the luxury of thinking about the far-off future; if a source for the
current day’s food is not found, people will go hungry. So in thinking about establishing
protected areas, or enforcing fishing bans on the lake, considerations for local people’s methods
for survival must be carefully balanced. In a community of people struggling to survive through
fishing and growing rice, attempting to prohibit their access to rice fields or fishing sites will
never work. Either alternative income sources must be created, or found, or alternative forms of
conservation must be attempted.
In light of the findings from this study, conservationists in the Alaotra region should
brainstorm creatively for alternative sources of income for people living in the villages
surrounding the lake. Current participatory monitoring projects by the Durrell Conservation
Wildlife Trust should be continued, as they provide helpful baseline data for various villages
around the lake, and help increase local peoples’ understanding of environmental monitoring
techniques and the reasoning behind them. Madagascar Wildlife Conservation is already running
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several ecotourism projects, mostly centered around their Camp Bandro bungalows. They
manage tourism activities in Park Bandro, and are considering putting in a bird watching
platform in the park, to draw in more income to the village of Andreba through tourism and to
draw further attention to the importance of Lake Alaotra’s bird species. Ideas for tourism, such
as these, could potentially be the base for an alternative source of income for local people, both
providing them with a salary and underscoring the importance for conservation of plant and
animal species in the lake.

30

BIBLIOGRAPHY
Andrianandrasana, H.T., Randriamahefasoa, J., Durbin, J., Lewis, R.E., and J.H. Ratsimbazafy.
2005. Participatory ecological monitoring of the Alaotra wetlands in Madagascar.
Biodiversity and Conservation 14: 2757-2774.
Bakoariniaina, L.N., Kusky, T. and T. Raharimahefa. 2006. Disappearing Lake Alaotra:
Monitoring catastrophic erosion, waterway silting, and land degradation hazards in
Madagascar using Landsat imagery. Journal of African Earth Sciences 44: 241-252.
Bibby, C.J., Burges, N.D., Hill, D.A. and S.H. Mustoe. Bird Census Techniques. 2000. London:
Academic Press, 2nd ed.
Bibby, C., Jones, M. and S. Marsden. Expedition Field Techniques: Bird Surveys. 1998. London:
Expedition Advisory Centre.
BirdLife International 2012. IUCN 2012. IUCN Red List of Threatened Species. Version 2012.2.
<www.iucnredlist.org>. Downloaded on 29 November 2012.
Böhning-Gaese, K. and H.-G. Bauer. 1995. Changes in species abundance, distribution, and
diversity in a central European bird community. Conservation Biology 10(1): 175-187.
Bourou, Robert. 2006. Suivi 2006 saisie. Durrell Wildlife Conservation Trust. Microsoft Excel
data sheet, unpublished data.
Copsey, J.A., Jones, J.P.G., Andrianandrasana, H., Rajaonarison, L.H., and J.E. Fa. 2009a.
Burning to fish: local explanations for wetland burning in Lac Alaotra, Madagascar. Fauna &
Flora International, Oryx 43(3): 403-406.
Copsey, J. A., Rajaonarison, L. H., Randriamihamina, R., & Rakotoniaina, L. J. 2009b. Voices
from the marsh: Livelihood concerns of fishers and rice cultivators in the Alaotra wetland.
Madagascar Conservation & Development, 4(1).
Durrell Wildlife Conservation Trust. 2012. JV Résultat SEP Alaotra 2012. Miicrosoft Excel data
sheet, unpublished data.
Fussey, George D. 1995. Biodiversity and species discovery curves: a teaching simulation.
Journal of Biological Education 29(1): 41-45.
Goodman, Steven M., and Jonathan P. Benstead. 2005. Updated estimates of biotic diversity and
endemism for Madagascar. Oryx 39(01): 73-77.
International (2012) Important Bird Areas factsheet: Lake Alaotra. Downloaded
from http://www.birdlife.org on 12 October 2012.
Jarosz, L. A. 1994. Taboo and time-work experience in Madagascar. Geographical Review 439450.
31

Koenen, M.T. and S.G. Koenen. 2000. Effects of fire on birds in Paramo habitat of northern
Ecuador. Ornitologia Neotropical 11: 155-163.
Madagascar Wildlife Conservation. “Project Alaotra” http://www.mwc-info.net/en/02%20%20Project%20Alaotra/ethnography.htm . Accessed 2 December 2012.
Mittermeier, R. A., Langrand, O., Lowry II, P. P., Schatz, G. G., Gerlach, J., Goodman, S.,
Steininger, M., et al. 2004. Madagascar and the Indian Ocean Islands. In: Hotspots Revisited:
Earth’s Biologically Richest and Most Threatened Terrestrial Ecoregions, R. A. Mittermeier,
N. Myers, P. R. Gil and C. G. Mittermeier (eds.), pp 138–144. CEMEX, Mexico City.
Morris, P. and F. Hawkins. Birds of Madagascar: A Photographic Guide. 1998. East Sussex:
Pica Press.
Myers, N., Mittermeier, R. A., Mittermeier, C. G., Da Fonseca, G. A., & Kent, J. 2000.
Biodiversity hotspots for conservation priorities. Nature 403(6772), 853-858.
Pidgeon, M. 1996. An ecological survey of Lake Alaotra and selected wetlands of central and
eastern Madagascar in analysing the demise of Madagascar pochard Aythya innotata. World
Wide Fund for Nature and Missouri Botanical Garden, Antananarivo, Madagascar.
Ramsar Information Sheet. 2003. Lake Alaotra Wetlands and Catchment Basin. Information
Sheet on Ramsar Wetlands, Ramsar Database.
Rasolondrainy, R.J. 2012. Contribution à l’étude des oiseaux dans la nouvelle aire protegée
Ifotaka (Forêt Ambolihena et Forêt Mahavelo). Centre Ecologique de Libanona.
Sinclair, I. and O. Langrand. Birds of the Indian Ocean Islands: Madagascar, Mauritius,
Réunion, Rodrigues, Seychelles and the Comoros. 2003. Cape Town: Struik Nature.
Smucker, K.M., R.L. Hutto, and B.M. Steele. 2005. Changes in bird abundance after wildlife:
Importance of fire severity and time since fire. Ecological Applications 15(5): 1535-1549.
U.S. EPA. 2002. Methods for Evaluating Wetland Condition: Biological Assessment Methods
for Birds. Office of Water, U.S. Environmental Protection Agency, Washington, DC. EPA822-R-02-023.
Young, H.G. and J.G. Smith. 1990. Madagascar Pochard Aythya innotata Survey – Lac Alaotra,
Madagascar: October-November 1989 Report.
ZICOMA Madagascar. 1999. Les Zones D’Importance Pour La Conservation Des Oiseaux à
Madagascar.
Zimmerle, Jessica. 2011. An Inventory of Birds in the Littoral Forest of Sainte Luce. SIT Spring
2011, Independent Study Project report.

32

Appendix I. – Number of birds seen along Transects 1 and 2 during the morning and afternoon,
Species

Transect 1
Morning Afternoon

Acridotheres tristis
15
16
Acrocephalus
newtoni
312
271
Alcedo vintsioides
2
11
Anas anser
Anas hottentota
1
Anas melleri
15
16
Anas platyrhynchos
Ardea cinerea
5
3
Ardea purpurea
Ardeola ralloides
1
Bubulcus ibis
5
Butorides striatus
94
74
Centropus toulou
100
82
Chlidonias hybridus
111
1482
Cisticola cherina
209
131
Cypsiurus parvus
11
29
Dendrocygna
viduata
471
590
Dryolimnas cuvieri
9
24
Egretta albus
440
446
Egretta ardesiaca
279
185
Egretta dimorpha
24
15
Foudia
madagascariensis
186
76
Gallinula chloropus
10
16
Larus cirrocephalus
215
660
Lonchura nana
2
12
Merops
superciliosus
1
2
Porphyrio
porphyrio
5
Porzana pusilla
1
Saxicola torquatus
1
1
Zosterops m.
maderaspatana
TOTAL
2,518
4,149
and totals of each species seen per transect.

Total

Transect 2
Morning Afternoon

Total

31

19

25

44

Grand
Total
75

583
13
1
31
8
1
5
168
182
1593
340
40

149
5
2
1
1
13
7
17
24
20
29
162
1

96
2
38
22
10
5
15
17
1885
74
-

245
7
40
1
1
22
23
12
17
39
37
1914
236
1

828
20
40
2
32
22
31
12
1
22
207
219
3507
576
41

1061
33
886
464
39

116
1
373
135
15

172
1
213
27
7

288
2
586
162
22

1349
35
1472
626
61

262
26
875
14

67
1
220
3

11
5
662
1

78
6
882
4

340
32
1757
18

3

-

2

2

5

5
1
2

5
-

-

5
-

5
6
2

6,667

1
1,387

3,290

1
4,677

1
11,344
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Appendix II. – Species abundance scores and ordinal abundance scale descriptions across
transects.
Transect 1
Transect 2
Species
Score
Rating
Score
Rating
Acridotheres tristis
2
Uncommon
2
Uncommon
Acrocephalus newtoni
Alcedo vintsioides
Anas anser
Anas hottentota
Anas melleri
Anas platyrhynchos
Ardea cinerea
Ardea purpurea
Ardeola ralloides
Bubulcus ibis
Butorides striatus
Centropus toulou
Chlidonias hybridus
Cisticola cherina
Cypsiurus parvus

4
2
1
2
2
1
2
3
3
5
4
2

Common
Uncommon
Rare
Uncommon
Uncommon
Rare
Uncommon
Frequent
Frequent
Abundant
Common
Uncommon

3
2
2
1
2
2
2
2
2
2
2
5
3
1

Frequent
Uncommon
Uncommon
Rare
Uncommon
Uncommon
Uncommon
Uncommon
Uncommon
Uncommon
Uncommon
Abundant
Frequent
Rare

Dendrocygna viduata
Dryolimnas cuvieri
Egretta albus
Egretta ardesiaca
Egretta dimorpha
Foudia
madagascariensis
Gallinula chloropus
Larus cirrocephalus
Lonchura nana
Merops superciliosus
Porphyrio porphyrio
Porzana pusilla
Saxicola torquatus
Zosterops m.
maderaspatana

4
2
4
4
2

Common
Uncommon
Common
Common
Uncommon

3
1
4
3
2

Frequent
Rare
Common
Frequent
Uncommon

3
2
4
1
2
2
1
1

Frequent
Uncommon
Common
Rare
Uncommon
Uncommon
Rare
Rare

3
2
4
1
2
2
-

Frequent
Uncommon
Common
Rare
Uncommon
Uncommon
-

-

-

1

Rare
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Appendix III. – Andreba nest chart: summary of Madagascar Swamp Warbler (Acrocephalus
newtoni) nests, eggs, and nestlings found along Transect 1 and Transect 2.
November 2012
10 11 12 13 14
Name
Transect 2 (1)
Transect 1 (3)
Transect 1 (5)
Transect 1 (2)
Transect 1 (6)
Transect 1 (7)

2

2

2

2
1

2
1

15

16

17

2
1
4
1

1 1 2
1
1
4
4
2
3

18

19

2
2
fledged
4
4
3
3

20

21

22

23

24

2

2

2

2

2

4
3

4
3
3

4
3

3 1 2 2
3
3
2

KEY:
1 = 1 egg
3

= 3 nestlings

1 2

= 1 egg, 2 nestlings
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Appendix IV. – GPS data points, along transects and for all Acrocephalus newtoni nests found.

Transects
Transect 1 start
1.2
1.3
1.4
1.5
Transect 2 start
2.2
2.3
2.4
2.5
Transect 2 end
Nests
Transect 2 (7)
Transect 1 (5)
Transect 1 (3)
Transect 1 (2)
Transect 1 (1)

S

E

17˚37.612'
17˚37.549'
17˚37.454'
17˚37.364'
17˚37.188'
17˚36.910'
17˚36.807'
17˚36.445'
17˚36.329'
17˚36.250'
17˚36.138'

048˚29.632'
048˚29.635'
048˚29.676'
048˚29.767'
048˚29.883'
048˚30.167'
048˚30.219'
048˚30.472'
048˚30.568'
048˚30.580'
048˚30.667'

17˚37.575'
17˚37.483'
17˚37.389'
17˚37.072'
17˚36.733'

048˚29.644'
048˚29.663'
048˚29.776'
048˚30.026'
048˚30.293'
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